Abstract. The treatment of contralateral central neck lymph node metastasis is controversial in patients with papillary thyroid cancer. The present study reports the use of carbon nanoparticles (CNs) as lymph node tracers and discusses the potential role of predicting contralateral central neck metastasis is evaluated, so as to guide contralateral central neck dissection (CND). A total of 70 consecutive patients with papillary thyroid cancer were enrolled in the present study. All patients underwent a total or near-total thyroidectomy plus bilateral CND, during which CNs were used as a lymph node tracer. Of the 70 enrolled patients, 51 (72.86%) were confirmed to have lymph node metastasis in the central neck, 50 (71.43%) patients in the ipsilateral central neck and 14 (20.00%) in the contralateral central neck. A total of 579 (84.90%) lymph nodes were stained black by CNs. Of the 193 metastatic lymph nodes, 168 were located in the ipsilateral central compartment and the other 25 in the contralateral central compartment. A total of 147 (76.17%) metastatic lymph nodes were stained black. A total of 21 metastatic lymph nodes were found in the contralateral central compartment, 4 metastatic lymph nodes of contralateral central compartment were not black-stained. The sensitivity and specificity of CNs for contralateral metastasis was 84 and 25%, respectively. Contralateral central lymph node metastasis was significantly associated with extrathyroid extension and the presence of ipsilateral central neck lymph node metastasis. Together, the results of the present study reveal that CNs might accurately predict contralateral central lymph nodes metastasis and could be used to direct CND.
Introduction
Papillary thyroid cancer (PTC) is the most common subtype of thyroid cancer, accounting for more than 90% of all cases (1). The incidence of PTC has been increasing rapidly in recent years, largely because of advances in early detection using ultrasonography and fine-needle aspiration biopsy (1, 2) . Cervical lymph node metastases are common in patients with PTC, in whom the reported metastatic rate is 30-80%, with the central neck being the most common site (3, 4) . Recurrence following treatment is common, occurring in up to 30% of all patients and 75% of local recurrence occurs in the central neck; it can occur up to 20 years after the initial diagnosis (5, 6) , Therapeutic central neck dissection (CND) is routinely performed in patients with PTC and clinically positive lymph nodes (7, 8) . Although the use of prophylactic CND in patients with clinically negative lymph nodes remains controversial because of its potential morbidity and unclear benefit (9,10), many clinicians continue to recommend prophylactic CND owing of the high rate of central lymph node metastasis; however, up to 80% of positive lymph node are undetectable, microscopic metastatic lymph node disease (11, 12) . Prophylactic CND can remove microscopic disease in central lymph nodes, which is unlikely to be eradicated by radioactive iodine therapy (13) . Evidence indicates that prophylactic CND may prevent recurrence and improve overall survival (14) . Reoperation for recurrent PTC in the central lymph node has a high rate of complications, including, hypoparathyroidism and recurrent laryngeal nerve palsy (15) . Prophylactic CND can permit accurate nodal staging [one-third of patients increased to stage III disease due to lymph node metastasis detected by prophylactic CND (16) ] and provide information about prognosis and guidelines for treatments such as radioactive iodine therapy and hormone suppression therapy (17) . Routine prophylactic CND has been recommended by the Japanese Society of Thyroid Surgeons and the French Society of Otolaryngology Head and Neck Surgery (18) .
Controversy remains regarding the extent of prophylactic CND in unilateral PTC (unilateral vs. bilateral CND). Although the majority of metastatic lymph nodes are located in the ipsilateral central neck, the metastatic rate of bilateral central neck was reported to be 18.9-30.6% (19) . Owing to the potential higher risks of complications for bilateral CND and the lower metastatic rate of contralateral central neck, efforts have been made to predict contralateral central neck metastasis using clinicopathological characteristics (8) . As a novel lymphatic tracer, the use of carbon nanoparticles (CNs) have been reported to efficiently guide CND (20) . The present study reports the use of CNs on predicting contralateral central neck metastasis and evaluates its clinical value.
Materials and methods
Imaging agent for lymphatic vessels. CNs (China Food and Drug Administration approval no. H20041829; Chonqing Lummy Pharmaceutical Co., Ltd., Chongqing, China) can be injected as a suspension (50 mg/ml) (21, 22) . This product is a stable suspension of CNs 150 nm in diameter. The diameter of the CNs is greater than the capillary endothelial cell gap (20-50 nm) and smaller than the lymphatic capillary endothelial cell gap (120-500 nm), so a small proportion of the CNs may be captured by macrophages, then enter the lymphatic duct but not the blood circulation. There have been no reports of CNs exerting toxic side effects in humans (23, 24) .
Patients. A total of 70 consecutive patients were enrolled into this study between January 2012 and June 2013; all patients were diagnosed with PTC by preoperative aspiration pathology and underwent the initial surgery in the Department of Head and Neck Surgery, Peking University Cancer Hospital & Institute (Beijing, China), all the tumors were located in one lobe. The inclusion criterion was PTC (size of lesion, 1-4 cm). Exclusion criteria included non-thyroid cancer, previous thyroid or parathyroid surgery, preoperative hypoparathyroidism or hypocalcemia, pregnancy or lactation, surgery confirming suspicion of the presence of lateral neck lymph node metastasis, age <18 years, and an inability to comply with the follow-up protocol. In total, 14 patients were males and 56 were female, with a male to female ratio of 1:4. The ages of patients ranged between 19 and 75 years, with a median of 45.23 years. All surgery was performed by the same medical team, and all the patients underwent total or near-total thyroidectomy plus bilateral CND. Approval was obtained from the Ethics Committee of Beijing University Cancer Hospital prior to these procedures; all patients provided informed consent for inclusion in the present study.
Surgical procedure. All patients underwent general anesthesia intubation, and were placed supinely with necks hyperextended. A transverse incision of ~5 cm was performed in a skin crease 2 cm above the sternal notch. The skin, subcutaneous tissue, and platysma were cut layer by layer. Flap separation was performed under the platysma before making a longitudinal incision in the linea alba cervicalis. The strap muscles retracted and the front ipsilateral thyroid was revealed; the side and rear parts of the lobe were kept intact to reduce damage to the lymphatic network around the thyroid. In the CN group, 0.1 ml of carbon nanoparticles per point was injected into tissues surrounding the tumor using a skin test syringe. In total, 2 or 3 spots were injected for each tumor, with the total amount injected being no more than 0.5 ml per lobe. Prior to injection, the CN suspension was inserted deeply and aspirated to ensure it would not be injected into the blood vessels. The CNs suspension was slowly injected into the thyroid tissues. Upon completion, gentle pressure was applied on the needle puncture site to prevent solution leakage.
After 5 min, the lymphatic ducts and the lymph nodes became black-stained (Fig. 1) . Total thyroidectomy or near-total thyroidectomy was then performed according to the meticulous capsular dissection technique. Node clearance of the central neck compartment was performed cranially to the two superior thyroid arteries and the pyramidal lobe, caudally to the innominate vein, laterally to the carotid sheaths, and dorsally to the prevertebral fascia (25) . When the thyroidectomy was completed, the tumors were sent for routine frozen pathology examination to confirm the preoperative aspiration pathological diagnosis. Ipsilateral CND included the removal of prelaryngeal, pretracheal and paratracheal nodes on the side of the tumor. The resected specimens of lymph nodes were carefully checked and labeled as being either black-stained or non-stained in the CN group. All metastatic lymph node specimens were sent for pathological examination. Specimens were checked for the presence of the parathyroid, for unintentionally removed parathyroid glands, frozen section biopsy of one-fourth to one-third of the removed parathyroid glands was performed during surgery for pathological confirmation. When confirmed to be the parathyroid gland, the remaining tissue was transplanted into the sternocleidomastoid muscle.
Surveillance and management of postoperative complications. Serum calcium was assessed at 6:00 am on the first postoperative day, postoperative hypocalcemia was defined as a calcium level of <2.0 mmol/l (reference range, 2.10-2.60 mmol/l), with or without clinical symptoms of hypocalcemia or subnormal serum calcium levels (2.0-2.1 mmol/l) with neuromuscular symptoms. Calcium supplementation was not routinely administered to patients. Calcium and vitamin D were routinely prescribed to patients with symptomatic hypocalcemia, Intravenous substitution of calcium was not routine unless serious symptomatic hypocalcemia was present. Vocal cord palsy, as confirmed by laryngoscopy, was considered permanent if it lasted for >6 months.
Statistical analysis. The Student t-test and χ
2 test were used for the measurement and count data, respectively. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used to perform statistical analysis; P<0.05 was considered to indicate a statistically significant difference.
Results
General information of patients. The clinicopathological characteristics of the patients are summarized in Table I . All the tumors were located in one lobe. All patients underwent total or near-total thyroidectomy plus bilateral CND. Papillary thyroid cancer was confirmed by perioperative and postoperative pathology for all patients. The mean age of all the patients was 45.49±18.97 years (range, 19-75 years). Of the patients enrolled, 52.86% (37/70) were <45 years of age, and 47.14% (33/70) were ≥45 years of age. A total of 56 women (80.00%) and 14 men (20.00%) participated. The mean size of the primary tumor was 1.98±0.72 cm. All patients had a primary tumor ≥1 cm, multifocal tumors were observed in 16 patients (22.86%). Extrathyroid extension was observed in 28 patients (40.00%).
Central lymph node metastasis. The central lymph node metastasis status of the patients is summarized in 83%) were not. A total of 63 metastatic lymph nodes were found that were <5 mm in the metastatic black-stained lymph nodes. A total of 128 lymph nodes were stained black in the ipsilateral central compartment and 21 in the contralateral central compartment; 4 metastatic lymph nodes in the contralateral central compartment were not stained black. The sensitivity and specificity of CNs for contralateral metastasis were 84 and 25%, respectively. Statistical analysis of the clinicopathological factors associated with contralateral lymph nodes metastases (Table III) revealed that contralateral central lymph nodes metastasis was significantly associated with extrathyroid extension and the presence of ipsilateral central neck lymph node metastasis. By contrast, sex, presence of multifocality and age were not associated with contralateral lymph nodes metastasis. Of the 14 patients with contralateral central neck lymph node metastasis, 13 had nodes positive for metastasis in the ipsilateral central neck and 9 patients had extrathyroid extension.
Side effects and operative complications.
No evident systemic toxicity occurred in these patients during and following surgery. Hoarseness occurred to two patients due to tumor adhesion. Notably, the parathyroid glands could be well protected during surgery as parathyroid glands could not be stained black, unlike the black-stained lymph nodes (Fig. 1) , so could be easily distinguished and kept in situ. In total, 12 patients (17.14%) were confirmed to be hypocalcemia. Pathological results revealed that 5 incidences of accidental parathyroid resection occurred; the resected parathyroid glands were re-implanted into sternocleidomastoid muscle, as described previously (26) .
Discussion
Central neck lymph node metastasis is fairly common in papillary thyroid cancer and is observed in 20-90% of patients (1,2,12). Therapeutic CND is routinely performed in patients with PTC with lymph nodes clinically positive for metastasis (7, 8) . Although controversy exists regarding prophylactic CND in patients with clinically negative lymph nodes owing to its potential morbidity and unclear benefit (9, 10) . At the time of writing, there was no effective means of predicting central neck lymph node metastasis. Ultrasound and computerized tomography are the most common methods used to preoperatively evaluate metastatic lymph nodes in PTC patients (27, 28) . Ultrasound is a sensitive and specific test for detecting lateral cervical lymph node metastasis; however, it was not sufficiently sensitive in assessing central neck lymph nodes owing to the presence of multifocal thyroid nodules and surrounding structures in the central neck (27) . Ultrasound has a sensitivity of 66.3% with a specificity of 88.4% (27) . Computerized tomography has been found to have a sensitivity of 67% and a specificity of 79-91% (28) . Positron emission tomography is not routinely preoperatively used in PTC patients as its sensitivity has been reported to be <40% (29) . Microcarcinoma and tumors >1 cm require different surgical treatment, as certain microcarcinomas may be treated without surgery (30) , whilst tumors >1 cm must be treated by surgery. A tumor size >1 cm was reported to be an independent predictor of central metastasis and disease-free survival (25); as such, only patients with tumors >1 cm were selected as subjects in the present study. In the study group, 51 patients (72.86%) were confirmed to have lymph node metastasis in the central neck, 50 (71.43%) in the ipsilateral central neck, and 14 (20.00%) patients in the contralateral central neck. The results of the present study, in accordance with those of a previous study, indicate that ipsilateral central neck metastasis was the most frequently involved region in the central neck compartment (25) . Skip metastasis is generally uncommon (31) , and was only observed in one patient (1.43%) in the present study, characterized by metastasis to the contralateral but not the ipsilateral central compartment. The results of the current study revealed that contralateral central lymph node metastasis was significantly associated with the presence of ipsilateral central neck lymph node metastasis, a finding that was also strongly supported by other studies (9, 25, 32) . Lim et al (33) demonstrated that ipsilateral central lymph node metastasis was the only independent predictor for the presence of contralateral central lymph node metastasis and suggested that elective contralateral CND should be considered when performing initial surgery for PTC with a tumor diameter of >1 cm and the presence of ipsilateral central lymph node metastasis. The results of the present study also revealed that contralateral central lymph nodes metastasis was significantly associated with extrathyroid extension, which tallied with the findings of previous studies (10, 25) , whereas extrathyroid extension was difficult to diagnose pre-or intra-operatively. Other factors associated with contralateral lymph nodes metastasis are male gender, lateral neck lymph nodes metastasis and tumor multifocality (34, 35) . Among these clinicopathological factors, ipsilateral central lymph node metastasis was strongly indicated to be the predictive factors. Raffaelli et al (36) reported that routine ipsilateral CND plus frozen section examination of the ipsilateral nodes may represent a valid alternative to prophylactic bilateral CND. As the rate of metastasis to the ipsilateral central neck is high, many metastatic lymph nodes are too small to be detected by frozen section examination, meaning that this strategy may aid prediction of contralateral central lymph node metastasis.
Recently, a suspension of CNs has been used to aid the identification lymph nodes in lymph node dissection (20) . This product is a stable suspension of CNs of 150 nm in diameter, which is greater than the capillary endothelial cell gap (20-50 nm) and smaller than the lymphatic capillary endothelial cell gap (120-500 nm). Following injection into the thyroid glands around the tumor, CNs are rapidly captured by macrophages. The particles then enter the lymphatic vessels and accumulate in the lymph nodes, staining them black. CNs have been successfully used in the detection of sentinel lymph nodes in breast and gastric cancer (21) . Hao et al (37) used CNs as tracers for sentinel lymph node biopsy on patients with papillary thyroid microcarcinoma who underwent CND; the sensitivity, specificity, accuracy rate, and false negative rate were 93.3, 100, 97 and 5.2%, respectively. The authors concluded that the CNs method better aided the screening and selection of patients who are most likely to benefit from cervical lymph node dissection (37) . CNs stain the majority of lymph nodes, with the reported rate of CN staining was 69.89-95.26% (20, 37, 38) , with the black-staining rate in the present study being 84.90%. More lymph nodes <5 mm were detected with the assistance of CNs, which cannot be easily recognized without any assistance. The diameter of 279 (40.91%) lymph nodes in the present study was <5 mm. Zhu et al (20) reported that significantly more small lymph nodes, particularly those <2 mm, were detected, compared with the control group for whom CNs were not used. A total of 63 metastatic lymph nodes were found that were <5 mm in the metastatic black-stained lymph nodes in this study using CNs. CNs have been demonstrated to detect more lymph nodes, particularly small lymph nodes in the present study. To the best of our knowledge, the present study evaluated the potential role of predicting contralateral central lymph node metastasis in PTC under the guidance of CNs for the first time. The results of the present study revealed that 21/25 (84%) metastatic lymph nodes were stained black in the contralateral central compartment. the sensitivity and specificity of CNs for contralateral metastasis were 84 and 25%, respectively. CNs may be useful to aid prediction of the presence of contralateral central lymph node metastasis; the majority of the metastatic lymph nodes were stained black, the black-stained lymph nodes may be resected for fast-frozen pathology to determine whether contralateral CND should be performed. Additionally, all the black stained lymph nodes may be resected (limited CND) instead of standard CND, so as to decrease the potential complications (such as hypoparathyroidism and recurrent laryngeal nerve palsy). Further studies could evaluate whether fast frozen pathology or limited CND is feasibility in prophylactic contralateral CND.
The present study found that, unlike the lymph nodes, parathyroid glands could not be stained black following CNs injection, as revealed in previous studies (20, 37) . CNs cannot enter the blood circulation, meaning that parathyroid glands and the surrounding blood supply appear different from the black-stained lymph nodes. In total, 12 patients (17.14%) were confirmed to be hypocalcemic in the present study, lower than the number found in a previous study (30.77%) (39) (the patients in the two studies received the same treatment). Further study is warranted to evaluate the potential protective role of CNs to the parathyroid glands.
The results of the present study indicate that the use of CNs is safe, and that no evident systemic toxicity was observed in patients during and following surgery. These results suggest that CNs can effectively predict contralateral CND, which could have promise in clinical use.
